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A STUDY OF THE INTRODUCTION OF IONS INTO THE REGION OF SIRONG FIELDS 
WITHIN A QUADRUPOLE MASS SPECTROMETER 

by 

Wilson M, Brubaker 

ABSTRACT 

The work t h i s  q u a r t e r  has  been concerned p r imar i ly  w i t h  t h e  ope ra t ion  
of t h e  two quadrupoles wi th  round and hyperbol ic  rods,, These two u n i t s  
are operated i n  p a r a l l e l ,  i n  a common atmosphere, The frequency of e x c i t a -  
t i o n  has  been lowered from 1,6 MHz t o  1,O MHz, Prel iminary d a t a  show t h a t  
a t  comparable s e n s i t i v i t i e s  t h e  r e so lv ing  power of t he  hyperbol ic  quadru- 
po le  exceeds t h a t  of t h e  round by a f a c t o r  of two, 
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INTRODUCTION 

This report covers the work done by the Bell & Ilowell Research Center 
on NASA Contract NASW-1298 from 17 November 1966 through 1 7  February 1967, 
This is the sixth quarter of the Contract. 

This project is concerned with the introduction of ions into the 
region of strong fields in the quadrupole mass filter, and with the com- 
parison of the performances of quadrupole structures with round and with 
hyperbolic field-forming surfaces. 

During this quarter preliminary data have been obtained from which 
the operation of quadrupoles with round and hyperbolic surfaces may be 
compared. 
briefly . A new ion source of simple design has been assembled and used 

Abstracts have been submitted for papers to be given at the National 
Mass Spectrometry (ASTM Committee E-14) Meeting in Denver in May, and at 
the International Mass Spectrometry Conference in West Berlin in September. 
These abstracts appear in the appendix of this report, 



ELECTRON I C  APPARATUS 

The apparatus  f o r  the control  and e x c i t z t i o n  of the round and hyper- 

A l l  
b o l i c  rod quadrupoles c o n s i s t s  of s e v e r a l  d i s c r e t e  s e c t i o n s  which a r e  
depicted i n  Figure 1, 
c o n t r o l s  and information readout devices  concerned wi th  the a c t u a l  d a t a  
c o l l e c t i o n  are r e a d i l y  access ib le  t o  the  opera tor ,  
can be seen a t  the extreme r i g h t ,  
l a t o r ,  and r f  power amplifer  a r e  located on a sho r t  rack s e c t i o n  i n  the  
rear and a r e  not  shown, 
descr ibed later , 

Figure 2 shows a f r o n t  view of the apparatus ,  

The gas  i n l e t  system 
The c r y s t a l  o s c i l l a t o r ,  amplitude modu- 

Essent ia l  d e t a i l s  of each major s e c t i o n  w i l l  be 

Design Goals 

The p r i n c i p a l  goal  is  t o  provide an apparatus  of s u f f i c i e n t  refinement 
t o  enable a c r i t i c a l  comparison t o  be made of the performance of the quad- 
rupo les  wi th  round and wi th  hyperbolic field-forming sur faces ,  
words, t he  mass r e so lv ing  power is not  t o  be l imi ted  by the e l e c t r o n i c  
components, 

I n  o ther  

Since the scanning of one mass peak is  accomplished i n  l e s s  than 30 
seconds, t he  gradual changes i n  e l e c t r i c a l  parameters due t o  temperature 
changes, and/or component aging, become i n s i g n i f i c a n t .  
emphasis is placed on maximum s t a b i l i t y  during a comparatively sho r t  time,, 

Therefore the 

A f e e l i n g  f o r  the  permissible to le rances  i n  the  operat ing parameters 

Logarithmic d i f f e r e n t i a t i o n  of the  de f in ing  equat ions 
of v o l t a g e  and frequency is obtained by r e fe rence  t o  the  dimensionless 
v a r i a b l e s  a and q. 
f o r  a and q r e l a t e s  v a r i a t i o n s  in the  above mentioned v a r i a b l e s  and the 
mass of t h e  ion, 
a r e  caused t o  be p ropor t iona l  t o  t he  ac  p o t e n t i a l s  through the  use of 
nega t ive  feedback ampl i f i e r s .  This l i m i t s  the  motion of the working 
p o i n t  t o  a l i n e  through the  o r ig in  of the s t a b i l i t y  diagram, Under these  
cond i t ions  it i s  not necessary  to  consider  s e p a r a t e l y  the  v a r i a t i o n s  of 
t he  dc p o t e n t i a l s .  D i f f e r e n t i a t i o n  of the  de f in ing  equat ion f o r  q y i e l d s  

In the  apparatus under cons ide ra t ion  the dc p o t e n t i a l s  

dq/q = dVac/Vac - dm/m - 2 d r o / r o  - 2 d f / f  

Assuming t h a t  dq is  zero  and l imi t ing  our a t t e n t i o n  t o  the  e l e c t r i c a l  
q u a n t i t i e s ,  

dm/m = dVac/Vac - 2 d f / f  
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Experience has shown t h a t  if t h e  sum of the p o s s i b l e  v a r i a t i o n s  of 
Equation (1) are  l e s s  than about 1 x 
be l imi t ed  s i g n i f i c a n t l y  by these v a r i a t i o n s ,  Accordingly, such a goa l  
is attempted i n  the  design and assembly of t h i s  apparatus .  

t he  r e so lv ing  power w i l l  not 

C r y s t a l  O s c i l l a t o r  

The crystal  o s c i l l a t o r  c i r c u i t  i s  designed t o  ope ra t e  a t  seven 
f r equenc ie s  from 0,5 through 4.0 MHz. C r y s t a l s  were s e l e c t e d  s o  t h a t  
t h e  a v a i l a b l e  f requencies  d i f f e r  by f a c t o r s  of 2 ' I 2 .  
l a t o r  frequency varies wi th  temperature less than one p a r t  i n  10 per  
degree C e l s i u s  which c o n s t i t u t e s  t h e  major long-term d r i f t .  
is  e l e c t r o s t a t i c a l l y  shielded from the  o the r  modules and i s  capaci tance 
coupled t o  t h e  g r i d  of the modulator, 

The c r y s t a l  o s c i l -  
6 

This  s e c t i o n  

Amplitude Modulator and Power Amplifier 

The constant  amplitude r f  vo l t age  from t h e  c r y s t a l  o s c i l l a t o r  is 
ampl i f i ed  by varying amounts t o  achieve t h e  d e s i r e d  e x c i t a t i o n  levels 
f o r  t h e  quadrupoles. The l e v e l  t o  which the  r f  v o l t a g e  is amplif ied is  
determined by t h e  dc scanning con t ro l  v o l t a g e  which, i n  tu rn ,  i s  r egu la t ed  
by nega t ive  feedback. The maximum power a v a i l a b l e  from t h e  p l a t e  tuned 
power a m p l i f i e r  i s  about 90 watts. Two plug-in r f  t ransformers  ( t ank  
c o i l s )  cover t h e  e n t i r e  frequency range.  The output  is  l i n k  coupled t o  
a 5 2  ohm c o a x i a l  t ransmission l i n e ,  Since t h e  t ransmission loss a t  4 MHz 
i s  only 0-4 db pe r  100 f t , ,  t h e  l o c a t i o n  of t he  quadrupole i s  of l i t t l e  
importance - 

Quadrupole E x c i t a t i o n  Tank Coil  

A second plug-in r f  transformer ( tank c o i l )  i s  loca ted  i n  t h e  immedi- 
a te  v i c i n i t y  of t h e  quadrupoles (See Figure 3 ) .  Its func t ion  is t o  pro- 
v i d e  the necessary impedance match between t h e  t ransmission l i n e  and t h e  
resonant  c i r c u i t  of which t h e  r o d  and segment capaci tances  a r e  a major 
p a r t .  Four of t hese  plug-in c o i l s  cover t h e  e n t i r e  range of f r e q u e n c i e s o  
Corresponding e l e c t r o d e  terminals  of each quadrupole are connected i n  
p a r a l l e l  so  t h a t  t h e  same dc and ac p o t e n t i a l s  are simultaneously app l i ed  
t o  both 

High Frequency R e c t i f i e r s  

Two independent dc feedback v o l t a g e s  f o r  t he  c o n t r o l  u n i t  are pro- 
duced by two f u l l  wave shunt r e c t i f i e r s  capaci tance coupled t o  t h e  tank 
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c o i l ,  One c o n t r o l s  t h e  modulator t o  keep the  ac p o t e n t i a l  s t a b l e  and 
p ropor t iona l  t o  the scanning con t ro l  v o l t a g e ,  The o t h e r  is  used as a 
r e fe rence  f o r  s t a b i l i z i n g  the dc/ac r a t i o ,  I n  each case the  negat ive 
feedback v o l t a g e  is compared with i t s  r e s p e c t i v e  c o n t r o l  vo l t age  a t  t h e  
inpu t  of a high ga in  ope ra t iona l  a m p l i f i e r ,  The open loop ga in  of t hese  
s t a b i l i z i n g  c i r c u i t s  is s u f f i c i e n t  t o  enable t h e s e  p o r t i o n s  of t he  apparatus  
t o  achieve t h e  design goa l s ,  

Conclusions 

The new apparatus  has  been i n  ope ra t ion  f o r  several months during 
which t i m e  d a t a  have been co l l ec t ed  wi th  both quadrupoles ope ra t ing  with 
t h e i r  corresponding e l e c t r o d e s  in  p a r a l l e l .  With t h e  except ion of a few 
t y p i c a l  d e f e c t i v e  components and loose connections, during the  debugging 
phase, t h e  design g o a l s  have been met. It appears evident  t h a t  t he  r e f i n e -  
ments i n  vo l t age  and frequency s t a b i l i t y  have kept t h e  e l e c t r o n i c  apparatus  
from l i m i t i n g  the  r e s o l v i n g  power of t he  quadrupoles. 
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EXPERIMENTAL PROCEDURE 

General 

Throughout t h e  design of the appara tus  cons idera t ion  w a s  given t o  the  
d u p l i c i t y  of equipment and the  correspondence of opera t ing  parameters i n  
order  t o  concentrate  on the  d i f f e rence  i n  performance between the  round 
and t h e  hyperbol ic  field-forming su r faces  i n  the  quadrupole, 
two quadrupoles t h a t  d i f f e r  only i n  t h e  shape of the  rods  were mounted 
s i d e  by s i d e  on a cotxuuon vacuum system a s  is  seen i n  Figure 3 ,  
rupo les  respond t o  ions  generated from a common atmosphere which is  moni- 
t o red  by a Bayard-Alpert i on iza t ion  gauge and by a 3" quadrupole responsive 
t o  the  krypton pressure .  These pressure  sensors  a r e  placed symmetrically 
wi th  r e spec t  t o  the  two quadrupoles. I n  a d d i t i o n  t o  t h e  above considera-  
t i o n s  t h e  quadrupole assemblies a r e  mechanically i d e n t i c a l  s o  t h a t  the  ion 
sources ,  rods,  and secondary emission m u l t i p l i e r s  a r e  completely i n t e r -  
changeable,  

To t h i s  end, 

Both quad- 

By means of a simple servo system comprising an  ion  pump opera t ing  a t  
reduced vol tage ,  a s t r i p  cha r t  recorder  wi th  a r e t r a n s m i t t i n g  s l idewi re ,  
an  ac ampl i f i e r ,  and the  3" quadrupole which is  responsive t o  krypton, t he  
p a r t i a l  p ressure  of krypton is  s t a b i l i z e d ,  
krypton i so tope  during these  experiments was about 5 x lo-* t o r r ,  

The p a r t i a l  p ressure  of mass 84 

A l l  p o t e n t i a l s  a f f e c t i n g  the ion energy a r e  common t o  both ion sources .  
Focusing p o t e n t i a l s  a r e  ind iv idua l ly  ad jus ted  f o r  optimum performance. Thus 
t h e  ion beams en te r ing  the  quadrupoles a r e  q u i t e  s i m i l a r .  The e x c i t a t i o n  of 
t h e  two quadrupoles is i d e n t i c a l  s i n c e  corresponding rod and segment t e r m i -  
n a l s  a r e  e l e c t r i c a l l y  connected toge ther ,  

Detect ion of t h e  t ransmi t ted  ions  is aided by secondary emission 
m u l t i p l i e r s  suppl ied from a common high vo l t age  power supply,  
e lec t rometer  ampl i f i e r s  a r e  used t o  d r i v e  pen and ink  recorders .  
t h e  outputs  of the m u l t i p l i e r s  are  connected d i r e c t l y  t o  an osc i l l o scope .  

I d e n t i c a l  
Otherwise, 

Data Co l l ec t ion  

The procedure used i n  c o l l e c t i n g  d a t a  is as follows: (1) The p a r t i a l  
p re s su re  of krypton is  adjus ted  t o  a po in t  where it  is s t a b l e .  ( 2 )  The 
width of t h e  scanned spectrum is adjus ted  t o  include only mass peaks 83 
and 84, (3) The scanning r a t e  is ad jus t ed  t o  about 10 scans per  second, 
This  is slow enough f o r  f a i t h f u l  d i s p l a y  of t h e  peak shape and f a s t  enough 
f o r  viewing and f o r  photography with a one-second exposure. 
v e r t i c a l  s e n s i t i v i t y  of t he  cathode r a y  osc i l l o scope  i s  ad jus ted  so t h a t  

( 4 )  The 
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t h e  maximum peak height  a t  the point where peak he igh t  becomes independent 
of decreasing dc/ac r a t i o  i s  the u s e f u l  l i m i t  of t h e  screen. 
graphs a r e  then made a t  s t e p  changes i n  dc/ac r a t i o  from which a family of 
curves  is derived showing peak height  as a func t ion  of r e so lv ing  power, 
(6)  The above procedure i s  then repeated f o r  t h e  o the r  quadrupoleo 

(5) Photo- 

Data Reduction 

Measurements of peak separat ion,  he igh t ,  and width a t  10% of peak 
h e i g h t  are made from the photographs w i t h  the  a i d  of a decimal s c a l e ,  
These d a t a  are normalized t o  the cu r ren t  observed when t h e  peak he igh t  
become8 independent of t he  decreasing dc/ac r a t i o ,  This appears t o  be 
100% transmission i n  t h a t  t he  peak height  i s  independent of t he  r e so lv ing  
power. Th i s  normalization is done i n  order  t o  e l imina te  the  inf luence of 
v a r i a t i o n s  i n  the ion sources and t h e  secondary emission m u l t i p l i e r s ,  
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EXPERIMENTAL DATA, ROUND AND HYPERBOLIC QUADRUPOLES 

Prel iminary d a t a  have beer. obtained on comparative s t u d i e s  of t he  
performance of round and hyperbolic quadrupoles. The i n i t i a l  d a t a  ind i -  
cate a dramatic d i f f e r e n c e  i n  the two u n i t s .  A t  comparable s e n s i t i v i t i e s ,  
t h e  r e so lv ing  power of t he  hyperbolic quadrupole exceeds t h a t  of t h e  
round by a f a c t o r  g r e a t e r  than two! 
f e rence  is i n  r e a l i t y  due t o  the shape of the rods,  and not  t o  any o the r  
cause, t h e  u n i t s  were disassembled and t h e  rods interchanged. A l l  o the r  
components (sources, secondary emission d e t e c t o r s )  remained as be fo re ,  
It w a s  g r a t i f y i n g  t o  f i n d  t h a t  the d a t a  a f t e r  the interchange were essen- 
t i a l l y  unchanged. Th i s  g ives  us confidence t h a t  t h e  observed d i f f e r e n c e s  
are i n  f a c t  due t o  the contours of t h e  field-forming su r faces ,  

In order  t o  a s s u r e  t h a t  t h i s  d i f -  

The prel iminary d a t a  are presented i n  Figures  4 and 5, 
were obtained through t h e  use of t he  m u l t i p l i e r s  and an oscil loscope.,  
The i o n  c u r r e n t s  are normalized t o  t h e  cu r ren t  observed a t  low r e so lv ing  
power where the  peak he igh t  is independent of r e s o l u t i o n ,  This is d i f -  
f e r e n t  from t h e  normalizat ion used i n  previous d a t a ,  The change w a s  made 
because the ga in  of t h e  m u l t i p l i e r  appears t o  vary with the p o s i t i o n  of 
t h e  inc iden t  ion beam, This v a r i a b i l i t y  i s  most apparent when t h e  he igh t  
of t h e  mass 84 peak of krypton is compared t o  the  t o t a l  ion cu r ren t  ob- 
t a i n e d  by reducing t h e  dc component of t he  rod p o t e n t i a l s  t o  ze ro ,  The 
observed t o t a l  ion cu r ren t  is considerably smaller  than the sum of the  
resolved peaks! 
concentrated near  t h e  a x i s  of the device,  and s t r i k e  t h e  m u l t i p l i e r  i n  
a small area near t he  cen te r .  The m u l t i p l i e r  ga in  seems t o  be lower than 
average i n  t h i s  v i c i n i t y ,  With t h i s  normalizat ion method, t h e s e  d a t a  
appear t o  be independent of t h i s  v a r i a b i l i t y  of ga in  as a func t ion  of 
p o s i t i o n  i n  t h e  m u l t i p l i e r ,  

These d a t a  

I n  t h e  t o t a l  ion c u r r e n t  mode of ope ra t ion  t h e  ions  are 

Because the  two quadrupoles are exc i t ed  simultaneously from a s i n g l e  
o s c i l l a t o r  supply, t h e  capacitance load is  much h ighe r ,  Consequently t h e  
o s c i l l a t o r  power a v a i l a b l e  is i n s u f f i c i e n t  t o  e x c i t e  the two quadrupoles 
a t  the  1.6 MHz used i n  t h e  experiments of t he  previous q u a r t e r .  Therefore 
1 , O  M H z  w a s  s e l e c t e d  f o r  t h e s e  experimentso 
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INTERPRETATION OF EXPERIMENTAL DATA 

Experiment i n d i c a t e s  t h a t  the r e so lv ing  power c a p a b i l i t y  of t he  hyper- 
b o l i c  quadrupole is twice t h a t  of t h e  round when a l l  o the r  condi t ions a r e  
as similar as they can be made, Theory r e l a t e s  r e so lv ing  power d i r e c t l y  
t o  t h e  e x c i t a t i o n  p o t e n t i a l ,  
w i l l  have a r e so lv ing  power equivalent  t o  t h a t  of a round one when the ex- 
c i t a t i o n  p o t e n t i a l  of t h e  hyperbolic i s  only h a l f  t h a t  of the round: This 
r e p r e s e n t s  a power savings of 75%: 

This suggests  t h a t  a hyperbol ic  quadrupole 

I f  t h e  instrument r ad ius ,  ro, f o r  t he  hyperbol ic  quadrupole i s  made 
70% as large as it is  f o r  the round quadrupole, t h e  ope ra t ion  of t he  two 
instruments  a t  the  same frequency produces t h e  same f i e l d s  when t h e  poten- 
t i a l  app l i ed  t o  t h e  hyperbolic is h a l f  t h a t  app l i ed  t o  t h e  round. The p re -  
l iminary d a t a  i n d i c a t e  t h a t  t h e  r e so lv ing  power of t h e  two instruments would 
be expected t o  be the  same., 

The p red ic t ed  savings i n  both power and mass which r e s u l t s  from the  
use  of hyperbol ic  rod contours is of paramount importance f o r  space a p p l i -  
ca t ions ,  and probably warrants  the a d d i t i o n a l  c o s t  of t h e  hyperbol ic  
s t r u c t u r e .  

Brubaker, Wilson M., Study and Development of t h e  Paul-Type Mass 
Spectrometer, Contract  f AF 19(604)-5911, F i n a l  Report, p a  16, Eq. 3 9 ,  

1 
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I O N  SOURCE DEVELOPMENT 

The ion source used previously was designed f o r  use w i t h  a conventional 
quadrupole, i n  which it  i s  necessary f o r  t h e  ions t o  be i n j e c t e d  near  t he  
instrument axis.  The advent of the delayed dc ramp mode of ope ra t ion  per-  
m i t s  t h e  t ransmission of ions which e n t e r  f a r t h e r  from t h e  axis. Since the 
old source could not  be made t o  produce an ion beam of l a r g e  diameter, a 
new one w a s  designed and b u i l t -  The dimensions of t h e  new source provide 
an a p e r t u r e  whose diameter i s  half  t h a t  of the rods,  The optimum a p e r t u r e  
s ize  is most probably smaller than t h i s ,  bu t  i n  order  t o  demonstrate t h i s  
circumstance, a l a r g e  a p e r t u r e  m u s t  be provided, I ts  dimension is r e a d i l y  
reduced by the a d d i t i o n  of a mask. 

The new ion source design takes  advantage of t he  experience gained 
wi th  the old one. I n  the  former one, shown i n  Figure 6 ,  t he  p o t e n t i a l s  of 
t h e  e l e c t r o d e s  were a d j u s t a b l e .  It was found t h a t  optimum ope ra t ion  w a s  
obtained when the  p o t e n t i a l s  on most of t he  e l e c t r o d e s  which enclose the  
i o n i z i n g  region a r e  q u i t e  similar, Hence, i n  t h e  new design, Figure 7, 
t h e  o u t e r  pe r iphe ry  of t he  ionizing r eg ion  is made of a wire  mesh sc reen  
of high transparency, forming a u n i - p o t e n t i a l  su r f ace ,  A s  i n  t he  e a r l i e r  
source, t h e  ion iz ing  e l e c t r o n s  converge toward the  a x i s  of t h e  instrument,  
making t h e i r  d e n s i t y  a maximum in  t h e  v i c i n i t y  of t h e  a x i s ,  

The g rad ien t  which urges the ions  toward t h e  quadrupole i s  provided 
by leakage f i e l d s  from t h e  ends,  The f i e l d  a t  the  end remote from t h e  
quadrupole r e s u l t s  from a small p o t e n t i a l  on the  r e p e l l e r ,  The f i e l d  a t  
t h e  e x i t  end of t h e  quadrupole r e s u l t s  from a l a r g e r  (negat ive)  p o t e n t i a l  
placed on t h e  ion focusing e l ec t rode .  The combination of t hese  two f i e l d s  
provides  t h e  necessary g rad ien t  t o  d i r e c t  the ions i n t o  the  quadrupole, 

Since the  ions  are formed in  t h e  cy l inde r  which is un i -po ten t i a l ,  
i t  i s  a n t i c i p a t e d  t h a t  t he  energy o f t h e  emerging ions  w i l l  be more homo- 
geneous than i n  the  previous source. Th i s  i s  of i nc reas ing  importance 
when the  energy of t he  ions i s  lowered as i t  i s  i n  t h e  delayed dc ramp 
mode of operat ion,  
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ION SOURCE DATA 

Preliminary d a t a  with the  new source have been obtained using a four- 
v o l t  ion a c c e l e r a t i n g  p o t e n t i a l .  
0,100 and 0,300 inches,  
power f o r  each a p e r t u r e  is shown i n  Figure 8. 
obtained last q u a r t e r  w i th  t h e  old ion source with a 0,030-inch a p e r t u r e  
are repeated on t h e  same scale. 

Two a p e r t u r e  s izes  have been used, namely 
ne s e n s i t i v i t y  as a func t ion  of t h e  r e so lv ing  

For comparison, t h e  d a t a  

Note f i r s t  the s e n s i t i v i t y  of t h e  device wi th  t h e  100-mil a p e r t u r e .  

A t  r e s o l v i n g  powers below 200 t h e  
A t  r e s o l v i n g  powersabove 200 i t s  s e n s i t i v i t y  i s  about t h r e e  t i m e s  t h a t  of 
t h e  old source,  w i t h  30-mil ape r tu re .  
advantage of t h e  new source becomes g r e a t e r ,  

The performance of t h e  instrument wi th  the 300-mil a p e r t u r e  is out-  
s t and ing  a t  t h e  lower r e so lv ing  powers. However, t h e  s e n s i t i v i t y  f a l l s  
r a p i d l y  w i t h  inc reas ing  resolving power. 
300 t h e  s e n s i t i v i t y  i s  less than wi th  e i t h e r  of t h e  o the r  two. 

For r e so lv ing  powers above about 

While t h e  performance of the new ion source is  b e t t e r  than t h a t  of 
t h e  o ld  source a t  the  h ighe r  resolving powers, it i s  comparable t o  t h e  
performance which is ob ta inab le  with t h e  old source i f  optimum p o t e n t i a l s  
are provided f o r  a l l  e l e c t r o d e s .  One of t he  main advantages of t he  new 
i o n  source is  the  ease  wi th  which it i s  ad jus t ed .  The p o t e n t i a l  a d j u s t -  
ments are n o n - c r i t i c a l  i n  t h e  new source;  i n  t h e  old one a number of t h e  
p o t e n t i a l s  must be ad jus t ed  c r i t i c a l l y  f o r  optimum performance. 
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CONCLUSIONS 

Findings of prel iminary experiments w i th  round and hyperbol ic  rod 
quadrupoles are most encouraging. 
given performance w i l l  ope ra t e  a t  much lower e x c i t a t i o n  power i f  t h e  
field-forming s u r f a c e s  are hyperbolic,  i n s t ead  of round. For space 
missions t h i s  saving of power more than o f f s e t s  t h e  a d d i t i o n a l  c o s t  of 
f a b r i c a t i n g  t h e  hyperbol ic  rods,  

They i n d i c a t e  t h a t  a quadrupole of a 
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NEXT QUARTER S ACT IV IT 1ES 

During t h e  next quar te r ,  a d d i t i o n a l  d a t a  w i l l  be obtained which 
compare t h e  performance of the  two quadrupoles (with round and hyperbol ic  
r o d s ) ,  The d a t a  w i l l  be extended t o  include the conventional mode of 
ope ra t ion  as w e l l  as the delayed dc mode which has been used i n  the  pre- 
l iminary inves t iga t ions .  The apparatus w i l l  be operated a t  d i f f e r e n t  
e x c i t a t i o n  frequencies.  These data  w i l l  g ive f u r t h e r  i n d i c a t i o n  of the 
savings i n  power which may be achieved through the  use of hyperbol ic  
ins tead  of round rods.  
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FIGURE 2. 

ELECTRONIC A P P A R A T U S  
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FIGURE 4. 

COMPARISON OF PERFORMANCE CHARACTERISTICS 
O F  ROUND AND HYPERBOLIC ROD QUADRUPOLES 
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COMPARISON OF PERFORMANCE CHARACTERISTICS 
OF ROUND AND HYPERBOLIC ROD QUADRUPOLES 

AFTER THE RODS WERE INTERCHANGED 
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FIGURE 8. 

OPERATING CHARACTERISTICS O F  QUADRUPOLE 

WITH DIFFERENT ION SOURCE CONFIGURATIONS 



APPENDIX 

Abstract  of Paper t o  be Presented a t  the 

i n  Denver, May 14-19, 1967 
F i f t e e n t h  Annual Conference on Mass Spectrometry and Al l i ed  Topics 

THE EFFICIENT INTRODUCTION OF IONS INTO A QUADRUPOLE MASS FILTER’ 

Wilson M. Brubaker 

Bell  & Howell Research Center 
Pasadena, C a l i f o r n i a  

The e f f i c i e n c y  wi th  which ions a r e  introduced i n t o  a quadrupole mass 
f i l t e r  i s  increased by several  powers of t e n  by the appropr i a t e  c o n t r o l  of 
t he  f i e l d s  a t  t h e  entrance t o  t h e  f i l t e r ,  This  i s  accomplished by using 
an a d d i t i o n a l  s e t  of four e l ec t rodes .  The p o t e n t i a l s  appl ied t o  t h e s e  
a d d i t i o n a l  e l e c t r o d e s  have a smaller  r a t i o  of d c  t o  a c  va lues  than the  
p o t e n t i a l s  appl ied t o  the  quadrupole. 
v u l n e r a b i l i t y  of t h e  enter ing ions t o  the  impulses which they r ece ive  as 
they traverse the f r i n g e  f i e l d s  of t he  conventional quadrupole, Fu r the r  
s t u d i e s  wi th  the computer reveal  t h e  e f f e c t i v e n e s s  of t he  a l t e r e d  f i e l d s  
i n  e l imina t ing  these  undesired impulses. Experimental d a t a  compare the 
ope ra t ion  of t he  quadrupole with and without use of t he  a d d i t i o n a l  e l e c -  
t r o d e s .  It i s  found t h a t  the s e n s i t i v i t y  of t h e  instrument can be in -  
creased by powers of t e n  without degrading t h e  r e so lv ing  power through 
t h e  use of t hese  a u x i l i a r y  e l ec t rodes ,  

Computer s t u d i e s  r e v e a l  t he  high 

Th i s  r e sea rch  w a s  supported i n  whole o r  i n  p a r t  by the  Nat ional  
Aeronautics and Space Administration under Contract  No. NASW-1298, 
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Abstract of Paper to be Presented at the 

September 25-29, 1967 
International Mass Spectrometry Conference in Berlin 

IMPROVED QUADRUPOLE’ 

Wilson M. Brubaker 

Bell &Howell Research Center 
Pasadena, California 

Experimental data reveal that the sensitivity of the conventional 
quadrupole can be increased by a factor of ten to one-hundred with no 
sacrifice in the resolving power. This is accomplished through the use 
of a set of four additional electrodes at the ion entrance end of the 
mass filter. As an ion traverses the fringe fields of a conventional 
quadrupole the working point moves through the y-unstable portion of 
the stability diagram. Under these circumstances, computer studies have 
shown that the ion receives a large impulse in the y-direction. By 
appropriately energizing the auxiliary electrodes of the improved quad- 
rupole, it is possible to have the working point remain within the x- 
and y-stable portion, and thus to avoid the undesirable radial impulse. 
The results of computer studies and experimental data are presented, 

This research was supported in whole or in part by the National 
Aeronautics and Space Administration under Contract No. NASW-1298, 
monitored by Dr, Donald Po Easter, 
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